ABSTRACT: Metal ion dyshomeostasis is hypothesized to play a role in the toxicity and aggregation of the amyloid beta (Aβ) peptide, contributing to Alzheimer's disease (AD) pathology. We report on the synthesis and metal complexation ability of three bidentate quinoline-triazole derivatives 3-(4-(quinolin-2-yl)-1H-1,2,3-triazol-1-yl)propan-1-ol (QOH), 4-(2-(4-(quinolin-2-yl)-1H-1,2,3-triazol-1-yl)ethyl)morpholine (QMorph), and 4-(2-(4-(quinolin-2-yl)-1H-1,2,3-triazol-1-yl)ethyl)thiomorpholine (QTMorph). We further study the utility of these ligands to modulate Aβ peptide aggregation processes in the presence and absence of Cu 2+ ions. Ligand-peptide interactions were first investigated using both 2-D 1 H-
H-
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N SOFAST-HMQC NMR spectroscopy and molecular modeling techniques, indicating interactions with E3 and several residues in the hydrophobic region of Aβ. Native gel electrophoresis with western blotting along with transmission electron microscopy provided information on the ability of each ligand to modulate Aβ aggregation. While the ligands alone did not modify Aβ peptide aggregation at the 24 hour timepoint, signifying relatively weak ligand-peptide interactions, the ligands did modify the aggregation profile of the peptide in the presence of stoichiometric and suprastoichiometric Cu. Interestingly, the thioether derivative QTMorph exhibited the most pronounced effect on peptide aggregation in the presence of Cu. Overall, the quinoline-triazole ligand series were shown to interact with the hydrophobic region of the Aβ peptide, and modulate Cu-Aβ aggregation process.
Introduction
Alzheimer's disease (AD) is the most common form of dementia with an estimated 44 million cases worldwide. 1 Two pathological hallmarks are common to AD: insoluble amyloid-β (Aβ) aggregates, termed Aβ plaques, and neurofibrillary tangles that consist of hyperphosphorylated tau proteins. 2 The amyloid hypothesis has long been the dominant theory to explain the cause of AD, postulating that A plaque depositions, or partially aggregated, soluble A species, trigger a neurotoxic cascade causing AD pathology. 2a,2c,3 As a result, considerable research efforts have focused on the development of therapies, including anti-aggregation agents and Aβ antibodies, that regulate Aβ accumulation. 4 Aggregation of the Aβ peptide is dependent on the conditions, and can follow a number of different pathways with specific aggregation intermediates. 5 However, these pathways eventually lead to the end-stage formation of insoluble amyloid plaques. Initiation of the Aβ aggregation process can occur via hydrophobic self-recognition interactions, specifically through peptide residues [17] [18] [19] [20] [21] , 6 resulting in the formation of oligomeric and fibrillar aggregates. 5 It has been proposed that oligomeric Aβ species, thought to be the most toxic form, also initially form via hydrophobic interactions between residues F19 and L34. 7 Thus, the development of small molecules capable of interfering with these interactions may inhibit the initial stages of Aβ aggregation, decreasing Aβ oligomer formation and associated neurotoxicity. 8 The interaction of metal ions with the Aβ peptide provides an additional pathway for aggregation, and in vitro studies have shown that the interaction of A with metal ions (Cu, Fe, and Zn) can lead to the formation of soluble metalated forms, and/or insoluble A aggregates.
9 Amyloid plaques isolated from human brain tissue contain abnormally high concentrations of Cu, Fe, and Zn ions in comparison to age-matched brain tissues, 10 implicating the role of these metal ions in AD plaque formation. Further in vitro studies have demonstrated that Cu and Fe ions potentiate the neurotoxicity of A via redoxcycling and the production of reactive oxygen species in the presence of dioxygen.
11 There is extensive evidence of oxidative stress in AD, with early neuronal and pathological changes showing indications of oxidative damage.
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While the role of metal ions in the etiology of AD remains to be fully elucidated, targeting metallated A species is a promising therapeutic strategy. Metal chelators can solubilize A plaque deposits, 13 and, more impressively, show promise as AD therapeutics. 4a,14 Research efforts in this area have recently focused on the development of multifunctional molecules capable of binding metal ions, while also exhibiting additional beneficial properties such as A aggregation inhibition, antioxidant activity, and/or acetylcholinesterase activity. 14a,14b,15 In this report we detail the synthesis and characterization of a series of quinoline-triazole compounds (Figure 1 ) that incorporate a planar hydrophobic scaffold to enhance interactions with the Aβ peptide along with a metal-binding unit to modulate metal-A interactions. Ligand-peptide interactions were investigated via 2-D NMR studies and Final version published as: Jones, M. R., Dyrager, C., Hoarau, M., Korshavn, K. J., Lim, M. H., Ramamoorthy, A., & Storr, T. (2016) . Multifunctional quinoline-triazole derivatives as potential modulators of amyloid-β peptide aggregation. Journal of Inorganic Biochemistry, 158, 131-138. DOI: 10.1016 /j.jinorgbio.2016 further information was gained from molecular docking simulations. The effect of these ligands on Aβ aggregation processes in the presence and absence of added Cu ions were explored by native gel electrophoresis and transmission electron microscopy (TEM) imaging. Our results show that the quinoline-triazole ligands weakly interact with the Aβ peptide in solution, and do not substantially alter the aggregation profile of the Aβ peptide under metal-free conditions. However, this ligand series does influence the Aβ peptide aggregation process in the presence of added Cu ions, which may play a role in modulating the formation of toxic metalcontaining oligomeric species. 
Experimental
Materials and Methods.
All reagents were purchased as reagent grade from commercial suppliers and used without further purification unless otherwise indicated. 2-Ethynylquinoline, 16 2-azidoethyl-4-methylbenzenesulfonate, 17 1-azidopropanol, 18 and 4-(2-azidoethyl)morpholine 15i were synthesized according to previously reported literature protocols. Safety Precautions in Handling of Azides: Some azides are hazardous, and to avoid injury, follow safe laboratory practices, wear appropriate protective equipment and use appropriate shielding equipment. Azides can decompose violently upon heating, shock and/or friction. Only small quantities should be prepared at a single time. Aβ peptide was purchased from 21st Century Biochemicals (Marlborough, MA, USA). Aβ was dissolved in 2 ml hexafluoroisopropanol (HFIP) and sonicated for 5 minutes followed by incubation at 4°C overnight. The solution was then evaporated under a stream of N 2 and the film stored at -80°C. 19 15 N-labeled Aβ 1-40 peptide was purchased from rPeptide. The gels were purchased from BioRad and membranes from PALL -Life Sciences. N SOFAST HMQC NMR spectra were recorded on a 600 MHz Bruker Avance NMR spectrometer. Mass spectra (positive ion) were obtained on an Agilent 6210 time-of-flight electrospray ionization mass spectrometer. High resolution electrospray ionization mass spectrometry (HR-ESI(+)-MS) was performed at the Mass Spectrometry and Proteomics Facility at the University of Notre Dame. Electronic spectra were obtained on a Cary 5000 spectrophotometer. FT-IR spectra were obtained using a Thermo Nicolet Nexus 670 FT-IR spectrophotometer equipped with a Pike MIRacle attenuated total reflection (ATR) sampling accessory. 18 (0.041 g, 0.40 mmol) were dissolved in 2 ml isopropanol. In 2 ml H 2 O, CuSO 4 (0.003 g, 0.012 mmol) and L-ascorbic acid (0.021 g, 0.12 mmol) were dissolved and added to the isopropanol solution. The reaction was stirred at 298 K for 3 hours and then Chelex® resin was added in order to remove the Cu catalyst. The Chelex resin was filtered and the filtrate was concentrated in vacuo. The residue was purified by silica gel chromatography (90:10 CH 2 Cl 2 / MeOH) to afford QOH as a brown solid (0.021 g, 34 % yield). 
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C NMR (CD 3 OD, 100 MHz): δ 151. 63, 149.26, 149.12, 138.95, 131.50, 129.56, 129.39, 129.25, 128.02, 125.35, 59.46, 48.72, 34.18 
Synthesis of 4-(2-(4-(quinolin-2-yl)-1H-1,2,3-triazol-1-yl)ethyl)morpholine (QMorph)
2-Ethynylquinoline (0.049 g, 0.32 mmol) and 4-(2-azidoethyl)morpholine 15i (0.059 g, 0.38 mmol) were dissolved in 2 ml isopropanol and the same procedure as detailed above for QOH was followed. The crude residue was purified by silica gel chromatography (90:10 CH 2 Cl 2 / MeOH) to afford QMorph as a brown solid (0.059 g, 72% yield). .77 (t, J = 7.1 Hz, 1H), 7.60 (t, J = 7.1 Hz, 1H), 4.68 (t, J = 6.2 Hz, 2H), 3.70 (t, J = 4.6 Hz, 4H), 2.94 (t, J = 6.3 Hz, 2H), 2.57 (t, J = 4.7 Hz, 4H). 13 C NMR (CDCl 3 , 100 MHz): δ 151. 67, 149.20, 148.94, 139.00, 131.53, 130.12, 129.47, 129.30, 126.45, 119.78, 67.98, 58.99, 54.69, 48. 
Synthesis of 4-(2-(4-(quinolin-2-yl)-1H-1,2,3-triazol-1-yl)ethyl)thiomorpholine (QTMorph).
2-Ethynylquinoline (0.111 g, 0.72 mmol) and 4-(2-azidoethyl)thiomorpholine (0.118 g, 0.65 mmol) were dissolved in 2 ml isopropanol and the same procedure as detailed above for QOH was followed. The residue was purified by silica gel chromatography (95:5 CH 2 Cl 2 / MeOH eluent) to afford a brown solid (0.187 g, 89% yield). 1 63, 148.70, 148.16, 136.94, 129.81, 129.15, 127.88, 127.86, 126.42, 123.36, 118.78, 58.33, 55.09, 47.97 
Acidity Constant Determination
Acidity constants were measured by obtaining variable pH UV-vis and NMR spectra. Solutions of all three ligands (50 μM) were prepared in 0.1 M NaCl at pH 3 using HCl. Before obtaining UV-vis spectra, a pH electrode was calibrated using a 2-point method (pH 4.01 and pH 10.01 standard buffers). NaOH was used to increase the pH of the ligand solutions to obtain at least 30 spectra ranging from pH 3 -12 from 600 -190 nm. Spectral data was tabulated and analyzed using the HypSpec program (Protonic Software, UK). 20 A model was created for each ligand and simulated to fit the experimental data using selected wavelengths where significant spectral changes were observed. To complete the speciation diagrams variable pH 1 H NMR spectroscopy was also employed in order to probe regions of the molecule that do not undergo pK adependent UV-vis changes. Solutions of 80 -100 mg ligand in 8 mL of D 2 O were prepared. NaOD and DCl were used to vary the pD of the solutions. Once the pH of the solution had stabilized, 500 μL of solution was placed in an NMR tube and 1 H NMR spectra obtained. Depending on the R-group, the pK a values were determined by measuring the chemical shifts of the protons in the vicinity of the protonation site over a specific pH range. Data obtained was tabulated and analyzed using HypNMR (Protonic Software, UK). 20 The following equation (Eq. 1) was used to convert pD values to pH values.
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Eq. 1:
Speciation diagrams for QOH, QMorph, QTMorph were simulated using the HySS2009 program (Protonic Software, UK). 
Metal Stability Constant Measurements
Metal stability constant measurements were performed by obtaining ca. 30 UV-vis spectra of 75 μM ligand + 37.5 μM CuCl 2 in the pH range [3] [4] [5] [6] [7] [8] [9] [10] [11] . HypSpec was used to analyze the data, 20 and a speciation model was developed and simulated to obtain the best fit to the experimental data.
Predictability of Drug-Like/BBB Permeability
Using the website molinspiration.com, several physicochemical properties were determined in order to predict the drug-like properties and blood-brain barrier (BBB) permeability of each ligand. cLogP, M w , total potential surface area (TPSA), H-bond acceptors, and H-bond donors were calculated to determine the drug-like properties of each ligand. 23 Clark's equation 24 (Eq. 2) was used to determine the logBB, which is a reasonable indication of permeability through the blood-brain barrier:
Eq. 2: 
2-D SOFAST-HMQC NMR Spectroscopy
√ ( ) ( )
Molecular Modeling
Molecular docking studies were performed using Maestro from Schrödinger (Suite 2014). 27 The monomeric coordinates for the partially folded Aβ 1-40 peptide were obtained from the Protein Data Bank (PDB ID: 2LFM), enclosing an NMRassembly of twenty conformers. 25a The Aβ 1-40 structures and the ligands (QOH, QMorph, and QTMorph) were prepared and energy minimized according to standard procedures (Protein Preparation Wizard and LigPrep, respectively).
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Subsequently, the Prime energy was calculated for the processed peptide structures in order to confirm that there are no strains or clashes within the systems before the dockings were performed. Flexible dockings were performed with the twenty prepared conformers using the induced fit docking (IFD) protocol with extra precision (XP) settings for glide redocking using the whole peptide structure as the grid centroid. 29 The docking results were evaluated and compared with the 2D SOFAST-HMQC data in order to find the lowest energy conformations that correlated with the chemical shift perturbation (CSP) data.
Native Gel Electrophoresis and Western Blotting
Aggregation of Aβ in the presence of ligands and Cu was further evaluated by molecular weight separation on a 10 -20% gradient tris-tricine gel (Bio-Rad #456-3114) and visualized using western blotting techniques. Each sample was incubated for 24 hours under constant agitation at 37 o C in a 96-well plate, covered with a lid and sealed with parafilm. Final concentrations, diluted in 0.1 M PBS pH 7.4, were as follows: 25 μM Aβ , 25 (1 eq.) and 35 μM (1.4 eq.) CuCl 2 , 50 μM (2 eq.) and 125 μM (5 eq.) ligand. After 24 hours, samples were loaded onto the gel and run at 100 V for 100 minutes in a tricine running buffer, followed by transferring to a nitrocellulose membrane for 3 hours at 40 V in a 4 o C cold room. The membrane was blocked in 3 % BSA solution in tris-buffered saline containing 0.1 % Tween-20 (TBS-T) for 1 hour at room temperature, followed by incubation with a primary anti-Aβ antibody (6E10) overnight at room temperature under constant agitation. The membrane was washed 4 x 15 minutes with TBS buffer and then incubated at room temperature under constant agitation for 2 hours with a horseradish peroxidase conjugated goat anti-mouse secondary antibody in 2 % BSA solution. The membrane was washed with TBS buffer for 4 x 15 minutes, incubated with the Thermo Scientific Supersignal West Pico Chemiluminsecent Substrate kit (ThermoScientific #34087) for 5 minutes and visualized with a Fujifilm Luminescent imager.
Transmission Electron Microscopy (TEM)
Samples were prepared by following a previously reported procedure.
15h,15i Briefly, 5 μL aliquots from the native gel electrophoresis experiments were placed onto a sheet of parafilm and incubated for 5 minutes on glow-discharged Formvar/Carbon 300-mesh grids (Electron Microscopy Sciences). Afterward, the grid was stained with syringefiltered 5% uranyl acetate using 3 × 5 μL drops placed onto parafilm. The grid was placed on the first drop of uranyl acetate and immediately removed, repeated for the second drop, then placed on the third drop to incubate for 1 minute. Excess uranyl acetate was removed using a tissue between drops. Bright field images were obtained using a FEI Osiris operating at 200 kV and 9000X magnification.
Results
Ligand Design and Synthesis
A series of quinoline-triazole derivatives were synthesized in a modular fashion using Huisgen's 1,3-dipolar cycloaddition, a reaction that satisfies the criteria required for click chemistry (Figure 1) . 30 A bidentate metal binding site was incorporated into the scaffold upon triazole formation, with variation of a peripheral R-group. The extended ring system of the quinoline-triazole derivatives was incorporated to enhance hydrophobic interactions between the ligands and the Aβ peptide in comparison to the previously reported pyridine-triazole series. 15i Three quinoline-triazole derivatives were synthesized by reacting 2-ethynylquinoline with corresponding azides in the presence of a catalytic amount of CuSO 4 and L-ascorbic acid. This modular synthetic route allowed for the construction of three quinoline-triazoles in 34 -89% yields.
Physicochemical Properties
Lipinski's rule of 5 describes parameters that predict whether a compound will exhibit favorable pharmacokinetic properties, which can inform potential BBB-permeability. These parameters include calculated partition coefficient (cLogP), molecular weight, and hydrogen bond acceptors and donors (HBA, HBD), and can be calculated using a web-based program.
31 These drug-like parameters can then be used to calculate a logBB value using Clark's equation (Eq. 2), providing a prediction of BBB-permeability. 24 LogBB values > 0.3 indicate a high probability of permeation through the BBB and values < -1.0 indicate low probability of BBB access. 24, 32 The drug-like parameters and logBB values were determined for QOH, QMorph, QTMorph (Table S1 ). Based on Lipinski's rules, all three ligands passed the four criteria to determine drug-likeness including having a M w < 500 g/mol, cLogP < 5, and H-bond donors and acceptors < 5 and < 10, respectively. In addition, the calculated TPSA values were within the criteria for BBB permeability. Using these parameters, LogBB values were calculated using Clark's equation (LogBB: QOH = -0.61; QMorph = -0.46; QTMorph = -0.24) which indicate that the quinoline-triazole ligands are predicted to have moderate BBB permeability.
Acidity Constant Measurements for QMorph, QOH, QTMorph
To determine the ligand species present at pH 7.4, variable pH UV-vis and 1 H NMR spectra were obtained for each ligand (Figures S1-S3 ) to determine the pK a values of the ligand protonation sites. The quinoline-N pK a value ranged from 3. 43 -3.66 (Table 1) , which is lower in comparison to free quinoline (pK a = 4.85).
33 Fitting the variable pH 1 H NMR data for QMorph and QTMorph provided similar pK a values for the N-atom of the morpholine and thiomorpholine rings (Table  1) . Interestingly, these values are lower in comparison to free morpholine and thiomorpholine (pK a morpholine = 8.35, pK a thiomorpholine = 8.48).
15i,34 It has been proposed that the distinct difference in morpholine and thiomorpholine pK a values can be attributed to the steric and/or electronic effects of the triazole ring.
34b, 35 The experimentally determined pK a values show that each ligand will be neutral at physiological pH (pH 7.4). ), at the lower end of the range required for competing with the A peptide for Cu ions in solution. 15d,37 These literature studies have used the less aggregation prone Aβ 1-40 isoform to limit aggregation during data collection and ensure all shifts are solely the result of peptide-ligand interactions and not peptide aggregation. In this report, 15 N-labeled Aβ 1-40 was incubated with 0-10 eq. of quinoline-triazole ligands and ligand interactions were quantified using the CSP (Equation 3 ). Further information was obtained via molecular docking studies by using an Aβ structure in the absence of any additive (ie: SDS), which would be more biologically representative, to find low energy conformations that match the 2-D NMR CSP data. QMorph exhibited the largest CSP for amino acids valine-18 (V18) and phenylalanine-19 (F19), which are located in the hydrophobic region of Aβ (Figures 3 -4) . Interaction between QMorph and these amino acid residues may be attributed to hydrophobic interactions, including π -π stacking with the aromatic side chain of F19. Several weaker interactions were also observed including residues glutamic acid-3 (E3), and histidine-13 (H13) attributed to a combination of electrostatic interactions and H-bonding for the polar amino acids. A low energy molecular docking pose for QMorph with Aβ , that corresponds with the measured CSP from the 2D NMR experiments, shows a cis-N, N orientation of the quinolone and triazole rings with the morpholine moiety oriented towards the V18 and F19 side chains (Figure 4 ). In addition, the quinoline ring system is located within the van der Waals radius of the E3 backbone. These three residues exhibited the largest CSP values when interacting with QMorph (Figure 3) . (5) QTMorph exhibited large CSP with valine-18 (V18) and asparagine-27 (N27), but also with E3 in the hydrophilic region ( Figure S6 ). Hydrophobic interactions between V18 and QTMorph, and hydrogen bonding or electrostatic interactions with E3 and N27, are most likely. A low energy molecular docking pose for QTMorph that best describes the 2D NMR interactions includes the quinoline ring positioned towards the V18 side chain, with the triazole ring within the van der Waals radius of the E3 side chain ( Figure S7 ). E3 and 6 V18 were found to have the largest CSP values during the 2D NMR experiment.
In comparison to QMorph and QTMorph, both of which exhibited large CSP with a small number of amino acid residues, QOH showed significant interactions with a greater number of amino acids across the Aβ 1-40 peptide ( Figure S8 ). For example, QOH caused the most dramatic CSP in residues E3, H13, L17, F20, aspartic acid-23 (D23), and methionine -35 (M35). The pose that best describes the QOH-Aβ interaction involves the quinoline ring situated within the van der Waals radius of both H13 and F20 side chains with the benzene ring oriented towards the imidazole of H13 and the pyridine ring towards the phenyl side chain of F20 ( Figure  S9 ). The propanol side chain of QOH is within the van der Waals radius of the D23 side chain.
Interestingly, the interaction with the E3 residue is common across all three quinoline derivatives, potentially due to the flexible N-terminus of Aβ peptide. Aggregation of the Aβ peptide is hypothesized to initiate via interactions in the hydrophobic region of the peptide, specifically 17 LVFFA 21 .
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The quinoline-triazole ligands exhibited several significant interactions within the 17 LVFFA 21 region, and thus may be able to inhibit Aβ aggregation processes at an early stage. (PDB 2LFM) 25a with residues exhibiting a CSP > 0.02ppm highlighted in red and residues with a CSP between 0.01 -0.02 highlighted in yellow. 
A-Aggregation Experiments.
Native gel electrophoresis/Western blotting, and transmission electron microscopy (TEM), were used to examine the effect of the quinoline-triazole ligands on A aggregation in the absence and presence of added Cu ions. The longer Aβ 1-42 variant was used in these studies as it is more prone to aggregation and neurotoxicity. 39 We first evaluated the ability of the quinoline-triazole ligands to interfere with A peptide aggregation in the absence of added Cu. This provided information on the ability of the ligands to interfere with peptide aggregation via disruption of hydrophobic peptide-peptide interactions. Interestingly, no changes in the Aβ aggregation profile were observed in the presence of the ligands at the two different concentrations studied (2 and 5 eq.; Figure S10 ). These results suggest that the ligand-peptide interactions observed by 2-D NMR, and further investigated by molecular docking studies, are likely too weak to influence the A 1-42 aggregation pathway after 24 hours. It is however possible that the ligands do influence peptide aggregation at earlier timepoints.
We then evaluated the ability of the ligands to influence peptide aggregation in the presence of stoichiometric and excess amounts of Cu
2+
. Studies have also shown that the Aβ 7 peptide is able to bind ca. 1.4 -2 eq. Cu 2+ in the presence of excess Cu 2+ while in the absence of ligands, suggesting that a second, lower-affinity Cu 2+ binding site exists on the Aβ peptide.
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When Aβ was incubated in the absence of Cu 2+ or ligands, significant amounts of high M w species are observed along with a small amount of low M w species in the 10 -25 kDa region ( Figure 5, lane 1) . TEM measurements show the expected formation of fibrillar networks ( Figure S11A ).
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Incubation of Aβ in the presence of 1 eq. CuCl 2 , results in the formation of low M w oligomeric species, in line with previous reports ( Figure 5, lane 2) . 9c,40b In the presence of excess Cu ions (1.4 eq.), a range of M w were observed after incubation, including both low M w oligomeric species (10 -25 kDa range) and high M w aggregates (100 -250 kDa range) ( Figure 5, lane 3) .
9d,42a,43 Incubation of Aβ with Cu (1:1 and 1.4:1) results in the formation of amorphous aggregates, and absence of fibrillar structures as observed in the TEM measurements ( Figures S11B and S11C ). Upon incubation of 5 eq. QOH/QMorph/QTMorph with 1 eq. CuCl 2 in the presence of Aβ , a small increase in high M w species is observed when compared to lane 2 containing no ligands ( Figure 5 , lanes 4-6). No other substantial changes are observed on the gel, and TEM analysis shows that the Cu-Aβ aggregates are unchanged in the absence or presence of the quinoline-triazole ligands ( Figure S11D-F) . In combination, these results suggest that Cu-Aβ interactions (1:1 concentration ratio) and associated aggregation has not been perturbed significantly in the presence of the quinoline triazole ligands at the 24 hour timepoint.
Comparison of lanes 3 (1.4:1 Cu:Aβ 1-42 ) and 7 (5 eq. QOH) in Figure 5 shows a significant decrease in high M w species and little change in the amount of low M w species in the 10 -25 kDa range with added ligand. A similar aggregation profile is observed for QMorph under the same conditions ( Figure 5, lane 8) . TEM analysis shows the presence of amorphous aggregates under these conditions ( Figure S11H) , with a pattern similar to the 1:1 Cu:Aβ experiments. The results suggest that the QOH and QMorph ligands are able to modulate Aβ 1-42 aggregation in the presence of excess Cu ions. Interestingly, when 5 eq. QTMorph was incubated in the presence of 1.4 eq. CuCl 2 and 1 eq. Aβ , a large range of M w species was detected ( Figure 5, lane 9) . This suggests that either QTMorph, a Cu-QTMorph complex, or a combination of both is reacting with the Aβ 1-42 peptide causing the formation of a wide range of Aβ species. Interestingly, such reactivity is not observed at lower Cu 2+ concentrations in the presence of 5 eq. QTMorph ( Figure 5 , lane 6 vs. lane 9). Figure 5 . Native gel electrophoresis of Aβ in the absence and presence of 1 eq. or 1.4 eq. Cu 2+ and 5 eq. quinoline-triazole derivatives. Conditions: 25 μM Aβ ), along with the E3 residue in the hydrophilic region, while QOH demonstrated relatively non-specific amino acid interactions over the length of the peptide. Native gel electrophoresis demonstrated that the ligands did not alter Aβ peptide aggregation in the absence of Cu after 24 hours, showing that the ligand-peptide interactions are likely not strong enough to significantly alter the aggregation process under the experimental conditions. When the ligands were incubated in the presence of a 1:1 mixture of Cu 2+ + Aβ 1-42 , oligomeric species were primarily observed with only minor changes in the peptide aggregation pattern in comparison to the control (1:1 Cu: Aβ ). More significant changes in the aggregation pattern were observed with an increased ratio of Cu 2+ to Aβ (1.4:1) , showing that the quinoline-triazole ligands are capable of modulating Aβ 
